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Al\ S’J’RACJ’

‘J’lIc. feasibility of usinf, a lcw gain
aIItcaIna (1 GA) as a lllobilc. te.]j[iillal a]ltmlna
fcw IIclicoptc] is cksuibcd in !l~is ])apm, ‘1 IIC
c)bjc.d ivc%  al c. (1) to sc.le.d the. lmw.st Ccxt
antcmlla sys{cm which rx-iII k easily nlou]ltc.cl
OJI a hc.liccq)lcu alIcl mpahlc  Ofcc)]lllittl]licatil)p,
with a saldlitq and (2.) tc~ clcte.llliiller the. best
alltcmna ]]cxitic>ll cm the. hc.licmj)tcv to ll~itip,atc.
Ihc sif,~lal bloda?,c. duc 10 J otcn blaclcx a]ld
Ihc. IIlultipath Cffe.d frolli tllc. he.licwj)te.r’s
Idy. ‘J’JIc c)]l]lii-clilcctic)]lal low p,ain a]ltc]llla
( 1  ,C;A) is sde.dd bc.caus~ i t  is  siln}~lc.j
ldial~lc  aml low  cost. “J’hc hc]ix antmlna i s
selcdecl an)cmp the n]any 1.(iAs, bcxausc.  it is
the lnmt Cxxmcunica]  cmc, ancl  has the. wi(le.st
Clevaticm bc.amwiclth, IIc)th ?.-a~ll] a]id 4.a)lli
IIdicm al c. s~ucliccl Cxpcrimcmtd]y tc)
clc,tcvl~]inc.  the. a]ltcnna’s ]mfo]u~allcc a]ld tllc
scat tm inf, c.ffcwts f i cml Inc. hdicc~])tc.)’s bcdy.
It is found Illat lhc. 1 GA shcmld be. lmatd
Dcxl the. Iail se.dicm a~~d at lc.ast 8“ abcwc tllc
lldicxqde.J”.

1 N’J’){OIJIIC’J’I  ON

1 IC.licqtcn sate.llite. CoIlll]ll]]licatic)Jl (1 1-
SArJ’(X)hf) is c)f (WI JCltt  CXmCCIJI, sincx! it haS

nlyriad applications, sud) as, c.mcJgc.lIq~  and
1 Cwu c missicms, C) ff-sll 01 c dI illinp,, fil c.
fighti]lg, xa])icl acc. c.ss, l)ass~”l’f’,~l

I[anspc)] tation, Ctck IJor c.xanqdc.,  Ihc
Nm wcp,ian air t I affic Cxmtl cdlus (A’J G) al c.
mcmitm ing hdicc)ptel tli])s am oss the. NoI 111
Sc.a Ic) oil ]Ilatfo)ms using ])CAtiC>]l  data sc.111

aU~CMllatiCa]]y  fJ CUIJ thC!  hC’.]iCC@C’.S’S  tO A’]’ck
v i a  the ]TltC2Jlati(Mla]  h4alitilllc< Satdlitc
(Innia]sat) [1].

Jet ]’J O~JUkiCJIl 1  Amratc)Jy  (J]’] /),
undm R wmtlad witl~ the. l~cdc.]al Aviatic}lj
Administration (J~AA), is cc)l~cludiltp, a study
c~f illij)]clilC.Jltillg a vcny low-cost, s]llall-si7.c.,
light-w’cif,llt, lcal-lin]c Cc)lllll)llJliCatic)]l systcxn
sjmcifimlly fc)~ 1 I-SA’JCC)M. 111 this ])apc.~,
the. feasibility of using) GAs fc)] 11- SA”J’COM
is stu(liccl. 1 lm. Ihc }lCliCcll~tc.l’s  l)allkiTlp, a]iglc.
is assunlcd to bc :+ 60° ancl the. satdlitc. is thr
lnmalsat  or Anlmical] Mchilc. %te.llite.
(;cn})cuation  (Ah4SC;) m the. 1 mv lial ill O~bit
(1,] if)) ]1<]1 l)LJh4 satdlite.  ‘J’JIc Icqltit c)tic]lls
fc)l the hclic.cylc.] anlcmnas aIc (1) coIItsIlyiTI~,
Wil]l ill(lUStJy  slaJldal  (k+,  e..g., ARIN(~ ‘/dj a]ld
lnlliarsat 1 GA*s S] W.C.S fc)~ acwmlauticwl ll~c~l]ilc.
~f21JlliIldS [?,], (?.) })1 CWidill~, a (] Cl]\iC ~,aiI1’ ill
360° az,ililutllal  ancl f]c)lll ~,cIlitll to 40° bc.lcnv
hOJ”i7.OJl, (3) IIIC Ilallslnit  all(l  )cxcivc.

flcqucmic.s be.i]lp, 1.6?.-S .6’/ and 1.S3- 1.56
~;] IY., s C.SJmc4 ivc.]y,  l]Ic.  tl anslllit  ])CWC.I  bcil!p,
19.2 w1[s, (4) tl~c VSWJ< bcillg, 1,S:1, ( S )
smnll-si~,c.,  (6) lif,llt-wc.igllt, and (/) lcw-cmst.

‘J’JIcI  e al c t w o UJliCJllC  tcdl~tical
Cha]kllf,cs ill t]lC, dCtCTJllillatiCMl  CJf t]lC.  hC.st

hclicc~])tc.x alltc.ll]la lcwaticu}. l;ilst i s  the



])c.];o(k sif,llal fading caused b y  the
IIdim])tcl’s  l-c~lm hladcs. %cxmd pl oblcml is
the. lilultipatl] caused by the scmtte,lil Ig flcml
tlic. cmn])licafc.cl shape of the. lldico])tc.r bocly.
“1’l~us the. anlcnlla  study objcdivc.s alc (1) to
SC.lC.CI  the low-cost, li@~t-wci~jlt, and small-
sip,c ante.n~ia systclt~ fcu } I- SA’J’CXIM,  ancl (2,)
Ic) clctmli]in~  the. best antenna positim] on the.
llclicq)lcl  to minilili?c. the mitigate. si~,llal
blcwka~c due. tc) rotm blaclcs and tllc
multipath e.ffcd flom the. helicc)ptu’s bocly.
‘J”hc. s t u d y  le.su]ts alc sumltlaliwd ilI t h e
fOllOWillg Scn?licms.

AN’J’MWA SIC] .EC’J’JOI’4

‘J’o m~suIC that all the. antenna options
a]c cmlsiclmccl, thc 1  G A s ,  the stccvablc,
nlc,clium-gaill ankmnas [3] and hif,h gain
le.fle.ctcn alitcllllas [4] ale all iliclude,cl in this
cxhau St ;Vc’ Sll J“VC.y. ]Ioth J]’], ant] Alit~.JiJ]a
lndust~y ]nlhlicatio]is  ill t h i s  spc.cific

a])]) licatioJ~ wc.rfi studid. “1’hc. hip,]] ~aii~ (~ 20
d]]) I Cf Ic.ctor antennas in 1 ,-balld a? c. usually
vmy laJgc ill siz,c (at lc.ast S’ in diamcteer ancl
J .2S’in hcig]it) a n d  h e a v y  in wcipht. 111
addition, a bulky and e,xpcmsivc tracking
Systcm i s  JIC.C’.dCC] to Stc.c.l  t h i s  J“CflCCtOI
aJltCJIJla bCaJll tCJ thC SatC]]itC (liJCCtiOJ1.  ‘1’hUS
it is J~ot suitab]c fo~ hc.liccqltm use.

111 p>cllcJ al, the. medium-~ain aJltC.JIIlaS
(inchding  mcchanica]ly ancl dc.ctrmically
stc.c.Jcd al J a y s  [ 3 ] )  a~ e. JIICM c cxlmlsive  and
less leliahlc. than a low gain antemna duc to
the fact tliat an additicma] t~acking systcm is
J c.qui] cd to steer the nanow  antcmna beam to
the. satellite clilccticm. IIowcvcr, the oJnni-
dilcctimla] 1.C;AS, as suJi~lliaJi/,ed in ‘J’Ajll ,1{
1, alc simp]ce, le.liable. and ]CNV C.clst .
]iUJ [] ICJ”JI)CMC, thC ]OW-~aill aJltC.llJlaS aJC
tyj~ically ten times Smallcw thaJ1 tllc JIJdiUJll-
f,ain antcmas, ‘J’his n~fikcs tllc. ll~oullting, of
the antmna oJ\ t h e  helicmptm J  c.lativdy
CaSiC.J’. “1’hC,JCfOJC,  thC ]OW ~,aill aJltCJIJla S aJC.
sclcctcd fC)J’ the. 11-SA’J’U)M.

}Ji&lJ c 2. s h o w s a  ty])ical CZII dioid

~)attclll of a 4-aim helix (volute.) antcwna, as

clc.~idd ill l;if,u Jc. 2 [4]. l~igul e. 3 sllcw’s a
clcnlut sha])cd pattmn of a 4-ar~ll cmiml spi~a]
antcma  [5]. Note. that C)JIC. caJl d~an&,c. the
sllapc, siw OJ ~}itch aJlglc. of a cl ossc.cl di}~cdc
m helix alitc.nlla to oj)tinlize.  tllc. ~aill ill the.
dc.silcd dilcctions. ‘J”lic. ?,-alm l~c.lix and t)ic
Cl OSSd chmping  cli]mle anlcJlllas  ]iavf2 tli C.

Wkk’.st baJldWi(lt~l (CcN@J’ill~, both thC. tJ allSIIlit

aJ~d le.cc.ive.  ftcqummies). ‘J’hc.  d-aJJll  lIclix
aJ~tcJllla i s  b a n d w i d t h  linlitccl aJ~cl hC.JIm

Ie,quircs two al~tmlnas fc~J u}dink and
dcnvnlil]k.’}hlt  it is attladivc sinm it oJIly Cc)st
atmt $?0, Since tllc, hc.lix alltmlna has  tllc.
lowest cost, it is sc.lcdcd fm tile. hc.liccq~tc.]
USC. It is also ]msiblc 10 usc m u l t i p l e .
antemas OJ antcmnas ill mnjundion  with a
p,yl o or c o m p a s s  Ic) compcmsatc.  fm the,
hC]iCC)JdC.I  ‘S IllaJICUV(’1 S. ] lCNWVC.J , (hl C tC~ CCXt
ancl ccm~]}lcxity it is clcsilablc to have. cmc m,
two antcn]]as without a trackil]g systcm.

11113 ,1X AN’J’MNNA  ‘JW’J’ RliSUl /’J’S

Se.vcra] “off-the-shc)f hc.]ix alltmlllas
WC.IC tc.steel il~ an out-clc)ol fnr-fidcl 1 allp,c.
l;ifluJe,s 4 ancl S are the ]ne.asu~ecl lacliation
]j~t[~Jll of a 4-aJm helix antenna withcmt allcl
WJth a ?,3” hy 23” g] OUJld plaJlc, lcs~wdivdy.
liigmc 6 shows Ihc? SCVt’.J  C pattm  Jl disto] tioJ)
as the. hdix alltcJlna is placed 411 abcwc. the
t,louncl  plaJIc. ];igure’/ shows Ihc mcasulcd  2-
alJll hc.]ix alltcJ~I~a at 1.5”/54 C>117j. liIOJU tl~is
tc.st data, ww know that this hdix aJltcJina has
about P,.] clllic peak gain, 5 c113 axial ratio
above< hori7,0n, aJlcl 140° half- powcJ
twalilwidth. It semns that th i s  alltcJllla i s
clcsigncd t c) h avc c@inli7d ciIculaI
]~c~lali~atic)lls at 45° CCUIC, aJlglc. ‘J’IIc. ltlcasuJd
hc]ix anlcnna  pcIfoJmancc.s alc suJIilliaJi7,f?d

in ‘J’AIH.1 \ ?.. N o t e  tliat scvmal ll~inol
cliscrcpancics ale, obscnw.cl as compal Ccl to
“1’AIH,lt  ]. ]iilst, fc)J the d-aI’Jll hc]ix aIltCnJta,
the. peak p,ain is ahcmt 0.8 cl]] lcmvc.r and the
half-powc.]  bealiiwiclth (11 I’13W) is abcmt 10°
S1lla]lCJ”, };C)J thC ~.-aJ’JN  hC.]iX  alltC.JIJ)a, thC.

111’}IW is about ?.OO  snlallc.J aJId tllc a x i a l
J  atio is  abcmt  oJIe. d]] woJ se.. ‘J ‘Ji C’.SC. Jliillo]



clisfa  c.}mncics m a y  bc7 a t t r ibu ted  tc) !hc.
nlcasuxc]ncllt tolclallcc al~cltlllccrl tail~ty. rl’l~is
also implies Illat cxtr-a link maxgin sliould bc
consictc,lc.cl fm t h e  1 l- SA’1’(~OM systmii
clcsign. 3’}IC. helix antcmlia should a l s o  bc
]~laccd at least 8“ away fl o]l~ the hclic.optc) ill
m dm 10 nliniJnizc the ground plallc cffczts.

~ON{:J ,11S1 ON and RIXOM  MI~NDA’1’ION

‘J’hc helix antenna is selected fm 11-
SA”J ‘(30M, since it is s~nall-sim.$ light-weight,
and low-cost. Several off-the-shc.]f hc]ix
antcmnas were also tested. None of these
anlcmJ~as will I cmotdy  mcc,t the} I- SA”l’CX>M
antenna xcquimncnts.  But onc can change
the shape, size, 01- pitch angle of the hdix
antenna to meet the ~ cquircmcwts.  ‘J’hc O clllic
c.lcvation bcalilwiclth of a sinp,le hc]ix ante.lilia
is 140°. “J’hus two helix antcn]las  arc )]cc.clccl
to ]M ovidc a ?.?rO” covcragc.  Since the helix
antenna’s l-adiation pattcl  Ji is vc.ry ClC])f3JldC.llt

on the nearby scattering objects ,  i t  is
appl opriatc, to conch] ct a scale n~oclcl test (OJ

f u l l  s i z e d  tc,st) ancl a numc.rical study to
~Jrcciscly dctcminc t}lc blcmkagc effect of the
rotor blades ancl the. hclicopte.r bocly. ‘J’he
I-ational for dc)ing this task is that via the
scale moclcl testing wce can  e f f ic ien t ly
clctcmninc the best  antenna J)osition and
pcrfo~manc.c on the. helicopter for SA’J’CXIh4
and also validate. the numclical  moctcling

sofhval c, WhcmcvcI- a diffcremt hc]icoptm or
antenna is s~l]~clilils~ose.cl, ] unnillp, t h e
compu tcr moclcf] is lh c most c.f ficicn t an c1
cost- cffcdivc  way to provi(lc the SA’J ‘~oh4
system clcsigncr the ncce.ssary and accurate
antcma performance data,

ACKNOW1 XDGEMKN’J’

‘J ‘he, wo]k is carJiccl out by JP1,
~alifornia  lnstitutc, o f  ‘1’cchnology uncle]
colllract with IJAA, ‘J ‘he test results were all
obtain ccl by ~. ~havcy,.  ‘1’hc Pdr-fidcl  ] angc
was plcpal”ccl by W, Picket and R. 13cdon.
‘J’hc Micropulsc 4-arm a n d  ‘J’ccom’s ?,-arm

] ]c]ix AllkIWtS arc kind]y ]Oald tc) us flcm
S. Ow and }\. liishop, Icspc.ctivcly.

RIH~JHllGN(:l~S

[1] R. RicCiticllo,
‘J’) affic ~ont] 01,
News, NCN. 16-?.2,

“Satellites Mode] l)iz.c Ail
C~c)ltll]lllllicatioJls,” S~~acc
1992.

[? . ]  lm)mtsat  Actonoliticol  Systcm Dcjitliticw
Manlial  (S’DM), July 1988, 1 mdon, lJK.
[3] K. Woo, et, al,, ‘Tmforinancc of a 1 ‘aIiiily
of O1i~l~i and Stccrd Ante.nnas fcw Mobile.
Satellite Applications,” l’locccdings  of ZhC
lnterrlatioml Mc)bile S a t e l l i t e  COnfC!reliCL?,

Ottawa, 1990, pp. 540-546.
[4]  A.W. Ruclgc, ct. al., Yhe IIandbook of
Anfcmo Dcsigrl, C%aptcx 3, l’ctcl l’c,rc.gx inus
] .td., ~~XdOll, UK. 1986.
[5] ~. Kilgus, “ResoJlant Quacllifilar 1 lclix,”
)1;1%’ Itians.,  VC)I. Al’-l’/, no. 3, May 1969,
pp.349-35J.
[6] A. Atia, “Multiple-arm conical  1.og-spira]
Antennas,” Ph. I). Dksc)iafionj UC Ikrkclcy,
1969.

St IC)FU  ING
Disc -

SF’LI1  Stlf:Al H EIALLJN
WITtl lJ4 1 MNSFORhl[ R

‘=--------- ..~

I;ig. 1 4-arJn  hdix (volute.) anlenlia
configuraticm



Anknna  l~pc”

Mechanically
Stccrcd  Arl ay
1.Yagi Array
2,Tilt Array——. .
Electronically
Steered Ar[-ay
l.liall
2.Teledyne

Imv-Gaht  Ornni
1,Crosscd Dipole
2.lIclix  (2-arnl)
3.} Iclix (4-arm)
4. Conical Spiral
(2-arnl)

S. Conical Spiral
(4-arm)

6. Crrvity  Backed
slot.—. . . . . .._ . ...—

TAlll.1~. 1. l.-band Inobilc antcmna su~rlmaly

Sbc  (cm)
-. .-.,.,

lIT
. ..—. — .

3.8
]s

3.3
1.8

12
152
9

14

1s.7

0.8

. :....=..-
Dia.

S3
51

61
5 4

8
s,]
s

6.9

12.9

8.3
.=.= . . . . . . . . . .

. . .

Gain
(dll)

? 10
? 10

28
?8

24
2
4.s

3.8

4.5

2

. .
Band.
width
(%) _

6.2s
6.2s

6.2S
6.2s

2s
28
1.3

6.25

6.2.5

6.25
s . . >:. - .

rt. All the antenna sarc right-hand cicrrlarly polariz.ed.
b. ‘J”tic  cost of each antenna unit is a ROM cost based on producing 10,000 units pcr year over a five-year period.
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160
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160

40
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Axial
Ratio
(dI\)

4
3

4
4

7
4
4

4

4.s

4
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Bcanl (pattc~”n)
Shape

-.
Steered Beam ir
AZ

Wwed Beam ir
I{oth AZ and M

Cardioid/Donul
Cardioid/llonul
Cardioid/I)onul

Cardioid

i)onut

Cardioid

Cost ($/unU)h

4s0
600

1600
1800

400
150
20

300

400

1451
.—. .- . .-.. .— .

‘J’ABI X 2, Sun~nmIy of Helix Antmn8’s }’mformanccs

EGE3E:E:ZF3E-A x i a l  Ratio llandwidth

. .— —. . ,, —. ——..
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. lJig.2 Typical cardioid pattern Fig. 3 Typical donut shapecl pattern of
conical spiral antmna
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